Energy consumption in both residential and public buildings has been established globally as been significantly high. The need to incorporate energy efficiency in building therefore becomes imperative in order to minimize the consumption level. This work therefore examines the effect of building orientation coupled with different building material composition on energy efficiency in building within major Nigeria climatic zones. The methodology adopted in this study entails carrying out a load survey and thereby calculating the cooling load required to condition the building space in two selected different orientations within the major Nigerian climatic zones. The standard cooling load equations were utilized in the evaluation of the various cooling loads. The selected locations considered within major Nigerian climatic zones are Ibadan in the South West, Jos in the middle belt and Maiduguri in the North East. The cooling load results obtained for the two different orientations are as follows; 151.45 kW and 163.17 kW for Ibadan, Maiduguri: 164 kW and 175.78 kW, and 131.77 kW, 143.4 kW for Jos. The first orientation being North/South longitudinal placement of the building while the second orientation is East/West longitudinal placement respectively. The study established that the second orientation generated more cooling load. It is therefore concluded that the first orientation which is the North/South longitudinal placement of the building is best recommended. It also established the dependence of cooling load on the climatic condition of the building's location. Both building material compositions coupled with its orientation and climatic condition therefore play major significant role on the energy consumption in a building space.
Introduction
Energy consumption in both residential and tertiary buildings in developed and developing countries is significantly high. Although there are already existing standard energy efficiency methods, efforts through research are still being made in trying to proffer solutions and mitigate energy consumption in the building sector to the barest minimum. Energy efficiency in buildings is multi-faceted.
On one hand, the utilization of renewable and wastes leads to self-energy sufficient buildings. It could be said that they are the best option for the environment. However, self-energy sufficient buildings need usually high-tech systems, which can be unfeasible from the economic point of view. The continuous extraction of raw materials and production of building materials and systems can also cause environmental pollution. On the other hand, the utilization of modern energy-efficient buildings called intelligent buildings comes to fore. The systems in the building are controlled to assure the proper management of the energy demand, to conserve energy, to improve the comfort levels including indoor-air quality and to increase the building's productivity through leveraging information. There has been an underlying global problem of insufficient energy production. The case of Nigeria is even worse, where the energy generated is far below the needed capacity, and yet much useful energy that is supposed to be conserved is being wasted or ill-utilized as a result of lack of government implemented policies and enlightenment programmes on the gains of adopting energy conservation measures on the environment and economic growth. It should be noted that, in the midst of the prevailing energy crisis in Nigeria, energy efficiency will play a pivotal role in ensuring access to energy. This study aims at investigating the load components of a building space and, subsequently analyzes the effects of building orientation and building material composition on the energy demand in buildings with in major Nigeria climatic zones.
Literature Review
Climatic design has been established as one of the best approaches to reduce the energy cost in buildings [1] . Proper design is the first step of defense against the stress of the climate. His findings revealed that buildings should be designed according to the climate of the site, reducing the need for mechanical heating or cooling. Hence maximum natural energy can be used for creating a pleasant environment inside the built envelope. He also investigated the effects of Natural ventilation as one of the requirements for low-energy building designs. According to his research, with the availability of inexpensive fossil energy and the tendency to provide better indoor environmental control, there has been a vast increase in the use of air-conditioning in new and refurbished buildings. However, recent scientific evidence on the impact of refrigerants and air-conditioning systems on the environment and the ability to building energy efficiency has promoted the more conscious building designers to give serious considerations to natural ventilation in non-domestic buildings. He noted that in the design of K. M. Odunfa et al. Journal of Building Construction and Planning Research natural ventilation systems, the geographic location of the building should be considered. This will determine the seasonal variations in the external environmental parameters which include; air temperature, solar radiation, wind, humidity and outdoor air quality. He also found out that other considerations that could influence natural ventilation design are the exposure of the building to the wind, rain and the sun. However, buildings and other obstructions can distort the wind flow and adjacent buildings in particular could cause shielding from the wind, rain and the sun. Therefore, meteorological data should be adequate to take these effects into consideration.
The author also studied the relationship between climate, building and occupants. He proposed several different strategies; the cooling and the day-lighting strategy. The cooling strategy include five concepts; solar control (protection of the building from direct solar radiation); ventilation (expelling and replacing unwanted hot air); internal gains minimization (reducing heat from occupants, equipment and artificial lighting); external gains avoidance (protection from unwanted heat by infiltration or conduction through the envelope in hot climates); natural cooling (improving natural ventilation by acting on the external air in hot climates). The day-lighting strategy include four concepts; penetration (collection of natural light inside the building); distribution (homogeneous spreading of light into the spaces or focusing); protect (reducing by external shading devices the sun's rays penetration into the building); control (control light penetration by movable screens to avoid discomfort). His research aimed to provide a high level of building performance (BP), which could be defined as indoor environmental quality (IEQ), energy efficiency (EE) and cost efficiency (CE). Multi-criteria optimization of insulation options for warmth of buildings to increase energy efficiency investigated and established the enormous amount of energy consumed in existing buildings in Alipasino polje (Bosnia) [2] . The study also established that with an economic, environment and energy savings, the comfort and quality of life in buildings would be improved with extended life of buildings resulting by greater energy efficiency. Also, low heat transfer coefficient is necessary in order to decrease thermal losses in the buildings. His findings revealed that thermal insulation is carried out, by adding thermal insulation layer on the outer side of walls and only in exceptional cases inside of walls. The use of thermal insulation on the inside wall is physically weaker, although improved insulation value of the wall is achieved, significantly changing the heat flux in the wall and the main load-bearing wall becomes colder, resulting in the need for performing a vapor barrier to prevent the formation of condensate. Because of these shortcomings, he proposed that it is much better to use an external insulation of buildings. He also established that in the summer, building structures should not accumulate energy from the outside. The choice of materials must satisfy all regulations and calculations. The structure of energy consumption by different consumer groups in many countries is characterized by a high share of the residential and tertiary sector, which is very often responsible
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for a large percentage of the total final energy demand [3] . The research work established that for there to be a great potential for energy savings in the residential and tertiary sector, energy efficiency must be implemented. Apart from the traditional energy-saving measures, his findings revealed that standard energy efficiency methods should ensure a proper building envelope, good thermal wall properties, heating and electric systems operate under high efficiencies, heat recuperation or recovery. Additionally, thermal modernization of old buildings or buildings constructed recently but in poor thermal condition is performed to achieve significant reductions in energy consumption and to improve indoor-climate conditions. They are focused on the reduction of energy demand in buildings, which is mostly achieved by reduction of heat losses in local heat distribution systems and local heat sources, including the introduction of automation and control and in the total or partial exchange of heat sources. The potentials of energy saving and mitigation of greenhouse gas (GHG) emission offered by implementation of building energy efficiency policies in China was investigated [4] . The study established that implementing vigorous energy efficiency policies in buildings will play a significant role to the climate change mitigation both in China and in the world over the next 20 -30 years. According to his research work, energy efficiency in buildings has long been regarded as a key component of energy security to reduce the energy dependence and energy bills for end-users since the outbreak of the first oil crisis in 1973. The international experiences show that an integrated policy should be formulated by combining the energy infrastructural quality, building energy efficiency and public policies.
This will generate significant benefits given the fast growing urbanization process and the number of buildings that will be constructed in the nearest future. He was able to conclude that the development of more efficient building designs suitable for Chinese conditions, and more energy-efficient windows, building materials, envelope insulation and ventilation options create large opportunities to save energy in the near future and over a long term since buildings can last for over 40 years. Joshua Kneifel [5] investigated the life-cycle carbon and cost analysis of energy efficiency measures in new commercial buildings. He was able to estimate the life-cycle energy savings, carbon emission reduction, and cost effectiveness of energy efficiency measures in new commercial buildings using an integrated design approach, and estimated the implications from a cost on energy-based carbon emissions. After he simulated energy consumption and building cost databases; the life-cycle cost effectiveness and carbon emissions of each design were determined. His findings revealed that conventional energy efficiency technologies such as thermal insulation, low-emissivity windows, window overhangs, and day-lighting controls which can be used to decrease energy use in new commercial buildings by 20% -30% on average and up to over 40% for some building types and locations. He was able to establish that, although increasing energy efficiency usually increases the first costs of a building, the energy savings over the service life of the building often offset these initial higher costs. The first
costs can be lower for the more efficient building design because, through integrated design, the improved efficiency reduces the size of the heating and/or cooling system required to meet the peak heating and/or cooling loads. K. Bilen [6] research paper highlighted the general gains on the economy of a country, when energy efficiency policies are adopted. His finding showed that, about 70% of the total worldwide primary energy used is lost throughout the energy supply chain, starting with the production and transport of energy all the way to its final consumption. He was therefore able to establish that without clearly improving energy efficiency, the aims of sustainable energy management and a successful climate protection policy cannot be reached. He also established that there are many ways to use energy more efficiently. His findings also exposed that energy efficiency is a particular concern of developing countries. On the one hand, there are many outdated power plants in these countries. With just a little extra input, such as an upgrade of the turbines, their energy efficiency can be clearly improved. On the other hand many developing countries are faced with the question of how to meet the increasing energy needs of the population.
Effect of building orientation on energy conservation was investigated by Odunfa K.M. et al. [7] , it was established that one vital way of conserving energy is through appropriate orientation of building. The orientation of a building is often determined by the site topography and/or location. His research methodology entailed basically a thorough assessment of the energy requirements of buildings. He estimated the cooling load required for the building space, when the buildings were placed in two different orientations. The orientations considered are when the building length is facing the east/west direction and when it is facing the north/south direction. His findings revealed that from the first orientation when the building length is facing the east/west direction shows a refrigeration capacity of 63.3 Tonnage and the second orientation when he building length is facing the north/south direction gave a refrigeration tonnage of 60.6 tonnages. His results show that the north/south orientation of the building length is the recommended orientation. He also carried out a survey in Ibadan, Nigeria on the amount of buildings that conformed to the proper orientation of the length of buildings facing the north/south direction. His findings shows that as a result of lack of necessary information, ill awareness and campaign by the appropriate authorities, improper town planning, and poverty, houses were built without due regard to the proper orientation and thus energy conservation. His research basically aimed as to provide education and enlightenment for the general public, which may hopefully lead to improved energy conservation or efficiency. P.A. Nwofe [8] research paper, on the need for energy efficient buildings in Nigeria, studied the integration of solar passive designs with solar architecture for increased energy efficiency in buildings to achieve maximum comfort, reduced green house gases and reduced energy cost. He established that the use of mechanical devices to achieve thermal comfort is not only capital intensive, but also produces green house gases. Solar architecture Sunday Oyedepo [9] in his research work on energy for sustainable development in Nigeria, pointed out that about 90% of the world energy supplies are provided by fossil fuels, with the associated emissions causing local, regional and global environmental problems. His findings shows that the current energy projections and expected future global energy demand patterns are not sustainable.
Nigeria Climatic Zones
Nigeria is a country in the Western region of the African continent; Noted geo- 
Design Procedures
In cooling load analysis in building, the followings are always taken into consideration; building characteristics, building location, orientation and external shading, weather data and selection of outdoor design conditions, selection of indoor design condition, indoor dry-bulb temperature, indoor wet-bulb temperature and ventilation rate, lighting, occupants, internal equipment, appliance and processes coupled with finally selection of the design level. For cooling load analysis in building, the following procedures as developed by the American Society of Heating, Refrigeration and Air-conditioning Engineers (ASHRAE) [10] and Norman [11] are employed. The procedures are hereby itemized as follows:
Building sunlight heat gain:
This includes the sunlight heat gains through the glass, the walls and the roof.
Building transmission heat gain:
This is the transmission heat gain through the glass and the appropriate building walls.
Infiltration heat gain:
This is the infiltration heat gain through the wall, door and window crack Grand total heat and refrigerator tonnage: By taking the sum of both external and internal heat loads, gives the grand total heat load of the space, Btu/h.
The refrigeration load, tons, is gotten from (grand-total heat, Btu/h) (12,000
Btu/(h.Ton) (3577 W) of refrigeration).
Design Case Study

Introduction
The design case study is the Faculty of Technology Lecture Theatre, University of Ibadan, Nigeria Figures 2-4 [7] . It has an estimated capacity of 520 people.
This type of Lecture Theatre is to be located in three major cities located in major Nigerian climatic zones hence cooling load analysis for this particular building structure is to be calculated within the major climatic zones. The selected cities are Ibadan, Abuja and Maiduguri. The cooling load analysis is to be carried out, in other to select the proper air conditioning equipment capacity, and thereby ensure a minimum energy use in the lecture theatre. The building structure is to be orientated in different directions in the course of our analysis in other to the compare the building orientation that will require a lesser air-conditioning equipment capacity; and thereby be able to advice and enlighten building engineers and consultants on the gains of adopting energy efficiency. 2) The roof is assumed to be a patch roof made of sheet metal, with a heat transfer coefficient, U of 0.27 Btu/h.ft 2.0 F, and insulated on the inside with suspended ceiling and it is directly facing the sun.
3) The glass window is assumed to be double hung and always closed with a It has a 5/8 plaster and is painted on both the inside and outside.
Results
The results of the cooling load estimated when the building length is facing the east/west direction and when it is facing the north/south direction, and also the results when a different wall type is used, is as shown in a Tables 1-4. The amount of energy conserved in both cases in the two different orientations is also shown. Table 5 and Table 6 below shows the summarized cooling load for the building space in the two different orientations and also the effects of building material composition on energy efficiency while Tables 7-9 show the electrical energy conserved.
Discussions
From This is the major reason why a proper building orientation should be adopted, with respect to the direction of the sun, in other for energy to be duly conserved.
The electrical energy conserved as a result of the building orientation is demonstrated in Table 7 . Also, from Table 6 , it can be seen that when a brick masonry wall construction is used, there was a reduction in the refrigeration load as compared to when normal regular block is used for the building wall construction. Table 8 , shows the electrical energy conserved when a brick masonry wall construction is utilized in the two orientations. Table 9 compares the cooling load and the subsequent electrical energy conserved in kilowatts, when a brick masonry wall and a regular hollow block is used for the building wall construction.
From the line graph shown in Chart 1 and Chart 2, it can be seen that the 
Conclusion
This work has fully and successfully examined the effects of building orientation on energy efficiency in a building. Buildings should be constructed and equipment selection and installation made according to the climate of the place. The results obtained from this research work will be able to provide information, enlightenment and advice to both private individuals, government institutions, building engineers and consultants coupled with the facility managers on the importance of adopting energy efficiency and how electrical energy could be saved up when energy efficiency policies are adopted. Presently, the current status of Nigerian building performance generally does not conform to the outcome result of my study, and in fact it is just the opposite when talking about the rural settlement areas.
